Introduction
Like many other countries in the world, Eastern and South-Eastern Asian populations have witnessed a marked decline in old age mortality in recent decades. Life expectancy for both sexes combined at age 65 in Eastern Asia rose from 9.2 years in 1950-1955 to 16.8 years in 2005-2010 , a net increase of 7.6 years, and the largest gain of any geographic region of the world. The corresponding gain in life expectancy at age 65 for South-Eastern Asia was 4.0 years rising from 11.2 years in 1950-1955, ranking the middle among all geographic regions in terms of gained years (United Nations Population Division(UNPOP) 2013). Eastern and South-Eastern Asia is unique for studying old age mortality. 3 First, this region is home to nearly one-third of the world's total population today, the largest region in the world (UNPOP 2013); some countries 4 in the region have completed the demographic transition while many others are still undergoing transition, which provides promising data for summarizing patterns and trajectories of old age mortality over time (Bongaarts 2009; McNicoll 2006) . Second, this region is economically diverse. For example, Japan, Hong Kong, 5 and Republic of Korea are high-income economies; China and Thailand are upper middle income countries; Viet Nam and Philippines are lower middle income societies; and Myanmar is a low income country (World Bank 2011) . Third, there is a substantial heterogeneity in mortality across countries in the region. Life expectancy at birth for both sexes combined in Japan, Hong Kong, Republic of Korea and Singapore was already above 80 years in [2005] [2006] [2007] [2008] [2009] [2010] , one of the highest in the world, whereas it was just above 64 years in Myanmar, one of the lowest ones in the world among countries not affected by the HIV/AIDS epidemic. Fourth, the low fertility and the declining mortality of populations in the region have contributed remarkably to elderly population growth. It is estimated that about 8.5% of total population in the region today are elders aged 65 or older, accounting for nearly 35% of the entire elderly population aged 65 or older of the planet. This region also accounts for 36% of the total increase in elderly population worldwide from 2010 to 2050 (UNPOP 2013) .
Recent studies have shown a steady decline in adult mortality in the region, along with a wide variation within levels, trends and gender differences (Zhao 2011 ), yet little is known about mortality at old ages. Analyzing the trend of mortality at old ages in Eastern Asia and South-Eastern Asia helps improve our understanding about mortality and health transitions in the world using a relatively small number of countries. This paper, therefore, intends to provide a general overview of trends in mortality at old ages and the associations between mortality and socioeconomic development. For the presentation of the trends in old age mortality in Eastern and South-Eastern Asian populations, we first examine general regional trends and country-specific variations in life expectancy at age 65, and age-specific death rates for the elderly population aged 65 or older using the data from the 2012 Revision of the World Population Prospect (WPP) (UNPOP 2013) . We then analyze causes of death, with a special focus on the most important causes responsible for shaping trends by age and sex based on the WHO mortality database (WHO 2011) . Finally, we investigate the associations between old age mortality and socioeconomic development.
Because of issues of data availability and reliability 6 , we only present data on old age mortality in terms of life expectancy at age 65 and age-specific death rates for 5 China, Hong Kong Special Administrative Region is abbreviated as Hong Kong hereafter. 6 Japan, Hong Kong, Republic of Korea and Singapore are countries with acceptably good data, especially after 1980 (Mathers 2005) . China has some underreporting problems with births in the recent few decades due to birth control policy (see Goodkind 2011 ), yet it has a relatively high quality of mortality data at old ages (Zeng and Gu 2008; Zeng and Vaupel 2003) in that all Han Chinese and some ethnic minorities use animal year to remember their birth dates. However, because the completeness of vital registration system in China before 1980 was around 80%, and because the reliability of the 1953 and 1964 censuses is questionable (Choi and You 2004) , there are no reliable official data for age-specific mortality at old ages before 1980. Similar to China, there is evidence showing that the vital registration data or the census data before 1980 in Thailand (Coale and Kisker 1986; Rukumnuaykit 2006) and Viet Nam (Merli 1998) are not very reliable, but the dates of birth have fourteen countries in the region from 1980 to 2010, including China, Hong Kong, Democratic People's Republic of Korea (hereafter DPR Korea), Indonesia, Japan, Lao People's Democratic Republic (hereafter Lao PDR), Myanmar, Malaysia, Mongolia, Philippines, Republic of Korea, Singapore, Thailand, and Viet Nam. 7 In analyzing causes of death, only five countries (China, Hong Kong, Japan, Republic of Korea, and Singapore) were included.
Trends in old age mortality in the region
2.1 Life expectancies at age 65 Figure 1 shows that although life expectancy at age 65 years (hereafter in Eastern Asia was only slightly higher than that of the whole world for both women and men before 1995, Eastern Asia's advantage started to enlarge after 1995 with a 0.5-1.0 year gap in 2005-2010. However, older adults in Eastern Asia were disadvantaged compared to their elderly European counterparts, despite a narrowing trend after 1995. In almost all periods, South-Eastern Asia's was lower than that for all of Asia. Over the period, the gaps in between South-Eastern Asia and Eastern Asia widened from 1 year to nearly 2 years for women and from 0.8 years to 1.5 years for men. Table 1 presents  for the years of 1980-1985, 1995-2000 and 2005-2010 for all fourteen countries under study. Over the last thirty years, increased by about one year per decade for both women and men in Eastern Asia and 0.6-0.8 years per decade in South-Eastern Asia. South-Eastern Asia had slightly greater gains for both sexes from 1980-1985 to 1995-2000, yet Eastern Asia had a much greater growth after 1995.
longstanding astrological significance among many residents in these two countries (Knodel and Chayovan 1991) . 7 Macao Special Administrative Region, Brunei Darussalam, Timor-Leste and Cambodia were excluded from the analyses due to the lack of reliable data on old age mortality, especially spanning several decades. A great variation in gains of across countries was found. The greatest gains in were found in Hong Kong, Japan, and Republic of Korea, where the level of was relatively higher, with more than two years per decade in women and 1.5 years per decade in men. With an exception for Japanese women, the annual gain among elders in these four countries was larger after 1995. China had a much smaller gain in before 1995, but a much larger gain after 1995. Mongolia had one of the largest gains in the region in the period 1995-2010, yet it had almost no gain in over the whole period 1980-2010. This is because Mongolia suffered economic recession in the early 1990s due to the collapse of the former Soviet Union, which worsened Mongolia's national public health system, leading to increased mortality in the 1990s and a negative annual gain in from 1980-1985 to 1995-2000 . After 2000, the nation's economy has largely recovered and improved and thus mortality at old ages has started to decline. This pattern was also observed among Mongolia's adult population (Rajaratnam et al. 2010) . DPR Korea only had a minor change in for both sexes in 1980-2010. 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 With the exception of Singapore, which is similar to Hong Kong, Japan and Republic of Korea, countries in South-Eastern Asia were more homogeneous and the annual changes in two periods were mostly similar. Despite a 2-3 per cent HIV/AIDS prevalence among young adults in Thailand, nearly one year per decade was added to for both women and men. Vietnam also had a relatively large gain in , whereas Philippines had the smallest growth. The annual increase in in other countries in South-Eastern Asia was more or less similar to the average growth of this sub-region. Table 2 shows that there was a gender difference in (women's minus men's) that enlarged from 1980 to 2010 for both Eastern Asia (from 2.4 years to 2.7 years) and South-Eastern Asia (from 2.1 years to 2.4 years). In Eastern Asia, China and Mongolia had the smallest gender gap (1.2-2.7 years), while Japan and both Koreas had the largest (3.2-5.5 years). The change in gender differences over time also varied: Japan and Mongolia experienced an increasing gap in the study period, whereas Hong Kong and DPR Korea had a declining trend and other countries witnessed a fluctuation. With exceptions for Singapore and Vietnam, the gender gap in over the study period for all other countries in South-Eastern Asia was less than 2.5 years with the lowest around 1.2-1.3 years. Although both Eastern Asia and South-Eastern Asia had a greater gender gap in as compared to the whole Asia, they had a smaller gender gap than Europe from 1980-1985 to 2005-2010 and the world from 1980-1985 to 1990-1995. Since 1995, the gender gaps in in Eastern Asia have exceeded that of the world. 
Death rates
Figures 2a and 2b show that Eastern Asia had a larger decline in old age mortality from 1980-1985 to 2005-2010 than South-Eastern Asia for all three age groups. 8 In the last three decades, old age mortality in Eastern Asia had a similar or even greater reduction compared to Asia, Europe, and the world for both women and men, whereas old age mortality in South-Eastern Asia experienced a smaller comparative reduction. Generally speaking, young elders had a larger decline than the oldest-old for both men and women. Republic of Korea, Hong Kong, Japan, and Singapore were the four countries that had the largest overall declines in death rates in the region for all three age groups and for both sexes from 1980-1985 to 2005-2010 , which were 2.0-3.0 times as great as those of Asia, Europe and the world. Considering that these four societies had a relatively high life expectancy at birth for both men and women at the beginning of the period, such a large reduction indicates that a moderate improvement in old age mortality is still possible even in the very low mortality countries. Figure 3 shows that the greater decline in old age mortality in Eastern Asia over South-Eastern Asia by period is also confirmed by birth cohort (see (a) and (b) in Figure  3) . 9 Men's patterns were not shown because they were very close to those of women's. The improvement in death rate by cohort from 1980-1985 to 2000-2005 in Hong Kong, Japan, Republic of Korea and Singapore was the largest in the region, and was as remarkable as the improvement by period. There was a relatively large reduction among younger cohorts in Mongolia (Figure 3(f) ), yet a crossover was found among older cohorts because of an economic crisis in the 1990s, which offset the period improvement. A crossover among older cohorts in Thailand was also observed (Figure 3 (g) ), possibly because of reduced health care resources among elderly population as country's greater resources were pooled in fighting against HIV/AIDS among younger populations. 8 To better understand the trend of improved life expectancy in elderly population in Eastern and South-Eastern Asia, we present death rates for age groups 65-74, 75-84 and 85+ by sex for each of seven countries from 1980 -1985 to 2005 . The sex-specific death rates for these three age groups were calculated from life expectancies at ages 65, 70, 75, 80 and 85, together with the life table survivors (lx) at ages 65, 70, 75, 80, 85 from the 2012 Revision of the WPP. 9 Note that the death rate for a five-year age group in the 2012 revision of the WPP refers to a five-year period (e.g., 1995-2000) , not to a single calendar year. Therefore, the corresponding birth cohort for each five-year age group in every five-year period could refer to a birth cohort born in a ten-year period, somewhat overlapping with its neighboring five-year age groups. In summary, all studied countries in Eastern and South-Eastern Asia experienced an increase in life expectancy at age 65 and a decline in mortality at old ages in the study period. However, relative mortality improvements were more drastic among young elders than among the oldest-old, especially for men, which is in accordance with one recent study in some European countries (Janssen, Kunst, and Mackenbach 2007) . This is probably because the mortality process selected frail people at younger ages, leaving more robust individuals to survive to very old ages, causing a ceiling effect for reduction in mortality at these ages (Janssen, Kunst, and Mackenbach 2007) . Higher income countries (e.g., Hong Kong, Japan, Republic of Korea, and Singapore) tended to witness a greater reduction in mortality than other lower income countries in the region. We will discuss this in Section 4. Women had a decline similar to men's, despite their lower level of mortality. The sex differential in mortality is likely to have been affected by combinations of gender differences in biological and genetic makeup and exposures to the risks of morbidity and mortality, such as different gender roles in production activities and human reproduction, different status in the family and society, and differences in risky behaviors between men and women (Rogers et al. 2010; Staetsky 2009; Zhao 2011) . When mortality reaches a moderate or low level through improved nutrition, public health measures, and better health care and education, women's environmental disadvantage is largely reduced and genetic-biological factors likely favor women's longevity (Lopez 1984) .
Cause-specific death rates
Causes of death from 1980 to 2010 for five countries (China, Hong Kong, Japan, Republic of Korea, and Singapore) in the region with available and relatively reliable data on number of age-sex-specific deaths by cause and the corresponding population from the WHO mortality database were examined. 10 Because different countries used different revisions of the ICD in different years and because there was some degree of uncertainty in identifying and classifying causes of death statistics (Luy et al. 2011) , we regrouped causes into seven broad categories consisting of stroke (cerebrovascular), heart diseases (cardiovascular), cancer (malignant neoplasm), diabetes, respiratory diseases, all infectious diseases and all other causes.
11 10 The codes of causes of death in the study period cover the 9 th and 10 th revisions of the International Classification of Diseases (ICD) (WHO 2011). The inclusion of China was based on two considerations: the empirical evidence on reliable data for causes of death in China (Rao et al. 2005) . Thailand was included at the initial design. Yet it was finally excluded because of the mortality discrepancy between two sources. There is evidence showing an under-registration in death in Thailand, even in the 2000s (Vapattanawong and Prasartkul 2011) . More importantly, because the proportion of ill-defined causes (Causes of death either unknown (including "sudden death") or imprecise (including just symptoms or laboratory test results)) (e.g., codes R00-R99 in ICD-10; codes B46 serial in ICD-9B, and code C081 in ICD-9 for China) out of the total deaths in Thailand was around 51% for the elderly population in the 1980s, ranging from 25% in ages 65-69 to nearly 80% in ages 85+, and around 40% from 1995 to 2005, ranging from 15% in ages 65-69 to 75% in ages 85+. In contrast, the shares of ill-defined causes in elderly population were only around 2% in China, Hong Kong, Japan and Singapore and about 10% in Republic of Korea in 1980 Korea in -2005 . The other countries were excluded from the cause-specific analyses either because of unavailability of data or because of unreliable data. The coverage of WHO mortality data for five countries/territories vary greatly from less than 10% for China to nearly 100% in Japan (see Appendix Table A-1) . 11 Details about the recoding of causes of death and the data availability for five countries are provided in Appendix Table B-1. We also classified the WHO mortality data into five-year periods, but applied the notation criterion used by the 2012 Revision of the WPP to produce five-year periods for cause-specific death rates, labeled as [1980] [1981] [1982] [1983] [1984] [1985] [1985] [1986] [1987] [1988] [1989] [1990] , and so forth. Assessments for all-cause death rates by age and sex between two independent data sources (i.e., the 2012 Revision of the WPP and the WHO mortality database) yielded a reasonable agreement (see Appendix Figure C-1) . However, to account for the possible underestimation of mortality at the oldest-old ages in some countries in the WHO dataset, and to maintain the consistency across all age groups, an adjustment was made for cause-specific death rate. Specifically, we first estimated the age-sex-specific compositions of causes of death for each period and each country based on the WHO mortality data. We then applied these compositions to the age-sex-specific death rates estimated from the 2012 Revision of the WPP as indicated earlier so that the summation of adjusted age-sex-cause-specific death rates was equal to the total age-sex-specific death rates in the WPP, for the corresponding period and the country.
General trends of cause-specific death rates
Figure 4 provides the age standardized cause-specific death rates of population aged 65 or older by sex for five countries from 1980-1985 to 2005-2010 using the age-sex-specific population distribution of Eastern Asia and South-Eastern Asia in 2010 from the 2012 Revision of the WPP. 12 We found that deaths due to circulatory diseases (i.e., stroke and heart diseases) accounted for 30-40% of total deaths in women and 20-40% of total deaths in men in most time periods. However, in Republic of Korea and China, stroke mortality was higher than heart disease mortality; whereas in Hong Kong, Japan, and Singapore, heart disease mortality was higher than stroke mortality. Figure 4 also shows that mortality due to stroke decreased for both men and women over the study period, especially in Hong Kong, Japan, Republic of Korea, and Singapore, where the overall mortality due to stroke among older adults aged 65 or older dropped by more than 50% in the study period. Mortality due to heart diseases in these five countries also showed a downward trend, especially in Japan and Republic of Korea where heart disease mortality dropped by half.
The decrease in cancer mortality was far less pronounced than that for mortality due to stroke and heart diseases, with the greatest declines among women in Japan and Hong Kong. Men's cancer mortality in these two countries had a less significant decline than that of women. Cancer mortality in the other four countries either had no change, or increased for both women and men (see Figures 4 and 5) . Among the oldest-old aged 85 or older, cancer mortality increased in all countries in both men and women, indicating that cancer mortality is undergoing a shift from younger ages to oldest-old ages.
It is interesting to note that diabetes mortality in Republic of Korea was higher than in other five countries and that there was a notable increase in mortality due to diabetes in China and Republic of Korea. Indeed, diabetes mortality in China and Republic of Korea increased universally for every age group for both sexes in the 2000s as compared to the 1980s (see Figure 5 ). Diabetes mortality in these two countries doubled in the study period in almost all cases. In the case of older women aged 80 or older in Republic of Korea, diabetes mortality in the 2005-2010 was nearly five times as high as in the [1985] [1986] [1987] [1988] [1989] [1990] . This fast increase deserves more attention. 10 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 0.00 10 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 10 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2005-2010 Women China, Hong Kong, and Singapore had a slight decline in mortality due to respiratory diseases for both men and women. Whereas an increase in mortality due to respiratory diseases was observed among Japanese and Korean older men, a decrease or fluctuation trend was found among older women in these two countries.
Compared to the levels of mortality due to other causes, the levels of mortality due to either diabetes or infectious diseases were relatively small. Mortality due to infectious diseases in China was substantially reduced in the study period, yet this trend must be interpreted cautiously because the number of deaths from infectious diseases is small, especially as our estimates were obtained from the sample covering less than 10% of the total population. In the other four countries, the changes in mortality due to infectious diseases were small as well. Figure 5 further demonstrates that, with an exception for infectious diseases mortality in China, the reductions in mortality by cause were mostly found in younger elders of both sexes in every country, which is consistent with the findings in Section 2. Overall, the leading causes of deaths of older adults in these five countries tended to be dominated by chronic and degenerative diseases, a similar profile found in elderly populations in Europe and North America since 1950 (Mladovsky et al. 2009; Sahyoun et al. 2001 ). However, there was a great variation in composition of age-standardized causes of deaths across the five countries over the study period. Respiratory disease persistently ranked as the top leading cause in Chinese elders over the study period, which is typical in low-income countries (WHO 2008) . In contrast, either stroke or heart diseases ranked as the top leading cause in Hong Kong, Japan, Republic of Korea and Singapore before 1990 and cancer (malignant neoplasm) after 1990, which is typical in middle-or high-income countries (WHO 2008). 
Contributions of causes of death to increases in life expectancies 13
Figure 6 reveals that reductions in mortality due to stroke and heart diseases added 1.7 years and 1.2 years respectively to Japanese women's from 1980-85 to 2005-2010. This was a tremendous gain in considering that Japan is one of the countries with the longest life expectancy and that this amount is 0.5 years more than the total gain in women's life expectancy at age 65 from 1980 to 2010 in Europe, a region with the highest life expectancy in the world today. Contributions due to decreases in stroke and heart disease mortality in Hong Kong, Republic of Korea and Singapore also mattered, but in a lesser degree. The decline in mortality due to these two causes in China contributed 0.5-0.6 years to for both men and women; the gain was much smaller in absolute terms there than in the other four countries, but the relative contribution of these two causes was similar to that of the other four countries. The result provides a clear picture of the leading role of circulatory diseases in reducing the mortality level in these countries in the past two or three decades.
While mortality due to respiratory diseases did not change much in Japan and Republic of Korea, the decreases in respiratory diseases led to an increase in women's by 0.65 years in China, 0.9 years in Hong Kong and 1.2 years in Singapore. The contribution of the decline in respiratory diseases to in China was the largest, greater than stroke and heart diseases combined. The contribution of reduction in cancer mortality to was relatively small in the five countries and even negative in both women and men in Republic of Korea and men in China. Given the relatively high level of cancer mortality, its trend in the past two or three decades in these five countries has posed a challenge for them to fight against cancer mortality in the future. Contributions 13 The contributions of disease-specific causes of death to the changes in life expectancy at age 65 were estimated using an actuarial method of decomposing mortality rates proposed by Pollard (1982) . This method is a popular decomposition approach to quantify contribution from changes in age or disease-specific mortality. The following formula is employed to fulfill this goal:
where and are the life expectancies at age 65 for time 1 and time 2; i denotes cause i; is hypothetical life expectancy at age 65 if only mortality rate for cause i was changed from time 1 to time 2 with mortality rates for all other causes unchanged; is the hypothetical life expectancies at age 65 if mortality rates due to all causes except i were changed from time 1 to time 2; is the highest age (i.e., ages 85+ herein);
indicates the gain or loss in life expectancy at age 65 if only mortality rate for cause i was changed from time 1 to time 2 with mortality rates for all other causes unchanged as compared to life expectancy at age 65 at time 1;
indicates the gain or loss in life expectancy at age 65 if mortality rates for all causes except i were changed from time 1 to time 2 as compared to life expectancy at age 65 at time 2. In estimating and , we applied a weight to the numbers of person-year lived in every age groups. The weight is determined by the mortality level in these two scenarios with respective to actual mortality levels in time 1 and time 2. A similar method was used by several previous studies (see Beltrán-Sánchez, Preston, and Canudas-Romo 2008; Gomez-Redondo and Boe 2005; Klenk et al. 2007 ). from causes of diabetes and infectious diseases were trivial to compared to other causes. However, considering the fast increase in mortality due to diabetes in China and Republic of Korea, more attention should be paid to this type cause of death in the near future. It has been reported that the prevalence of obesity in both China and Republic of Korea among young generations has increased greatly in the past one or two decades because of Westernized diet, low levels of physical activity, and high levels of tobacco consumption (Lee 2012; Popkin, Horton, and Kim 2001; Wu 2006) . If the trend of obesity continues without medical technology breakthrough, the increase in mortality from diabetes in the future will persist and certainly be a potential threat to public health.
It is noteworthy that mortality due to causes not-analyzed in this study (i.e., all other causes) in China did not contribute substantially to the total gain in , which is different from all other countries where the decline in all other diseases contributed the greatest share to gains in . Decreases in stroke, heart disease, and respiratory diseases in China, accounted for more than 90% of the total gain in . It is also worthy to note that Japanese older men and women aged 65-79 witnessed a reduction in mortality due to respiratory diseases, yet changes in mortality due to respiratory diseases contributed to about 0.1 years and 0.2 years of loss in because of increase in mortality among elders aged 80 or older. Similar cases were found for cancer in men in China, diabetes in women in Hong Kong and respiratory diseases for men in Republic of Korea. In other cases, the reduction in mortality at younger ages outweighed the increase in mortality at older ages, which produced a positive gain to . To conclude, we found that deaths from stroke, heart diseases, cancer, and respiratory diseases constituted most of the total deaths in the study period, in both men and women. According to the epidemiological transition or health transition theory (Omran 1971; , deaths from cerebrovascular and cardiovascular diseases, cancers, and other non-communicable diseases increasingly become leading causes after mortality due to infectious diseases reaches a low level. The general trend in the composition of causes of death at old age demonstrated in these five Eastern and South-Eastern Asian countries in the recent few decades can be considered as a cerebrovascular and cardiovascular revolution, or, the age of delayed degenerative diseases (Olshansky and Ault 1986; Robine 2001) , similar to the ones observed in some countries in Europe (Glei, Meslé, and Vallin 2010; Janssen et al. 2004; Mackenbach and Garssen 2010; Vallin and Meslé 2001; Zhao and Kinfu 2005; Zhao 2011 ) and Latin America (Palloni and Pinto-Aguirre 2011) in 1950-2000. We expect that some countries, especially Japan, Hong Kong, Republic of Korea or Singapore, are entering or have already entered the fourth stage of health transition that is characterized by declining cardiovascular mortality, ageing, lifestyle modification, emerging and resurgent diseases (Omran 1998) .
Links between mortality and socioeconomic developments
What are the underlying forces behind the changes in old age mortality in the last three decades in Eastern and South-Eastern Asian countries? This is certainly a challenging question that is beyond the scope of the present study. We hereby attempted to examine the simple associations between some basic socioeconomic factors and the overall level of old age mortality indexed by life expectancy at age 65 and the age standardized cause-specific death rates as presented earlier using time series data from 1980-1985 to 2005-2010 . The basic socioeconomic indicators were measured by proxies consisting of expected years of schooling (human capital environment), GDP per capita, and urbanization.
14 These three major factors have been persistently proven to be powerful predictors of life expectancy at birth (e.g., Lin et al. 2012; Rogers and Wofford 1989). 14 The expected years of schooling means the number of years of schooling that a child of school entrance age (under age 7) can expect to receive if prevailing patterns of age-specific enrolment rates persist throughout the child's lifetime. This indicator is sex-specific. GDP per capita is measured in purchasing power parity US$ terms at constant 2005 price. These two variables were directly retrieved from the 2011 Revision of the International Human Development Indicators database hosted by the United Nations Development Program (UNDP 2011). Urbanization is measured by percentage share of urban population out of the total population for a given country, which was from the 2011 Revision of the World Urbanization Prospects (United Nations Population Division 2012). Out of fourteen countries in Table 1 , two countries (i.e., DPR Korea and Lao PDR) do not have sufficient data on socioeconomic development, leaving twelve countries in the analyses of . Because some countries do not have empirical data for all six periods from 1980-1985 to 2005-2010 , the number of observations in our models for was only sixty-five. The number of empirical data points was further reduced to only twenty-three in modeling cause-specific death rates from the five countries analyzed above. We checked the collinearity to ensure the value of the variance inflation factor (VIF) of each of the three variables less than 10 in the linear regressions (e.g., Hair et al. 2009 ).The nonlinear associations between socioeconomic development indicators and mortality at old ages were further checked and modeled by including the quadratic terms of these three variables. In our final statistical models, however, we excluded the quadratic term of expected years of schooling because it was not significant. Because of the structure of our data, linear regressions with panel-corrected standard errors (-xtpcse-) were employed in our analyses to ensure Table 3 shows that more than three-fourths of the variations in life expectancy at age 65 for countries in Eastern and South-Eastern Asia between 1980 and 2010 could be explained by these three socioeconomic variables, implying that these factors had strong associations with the overall level of mortality in the elderly populations (i.e., ) in the region. Specially, a positive and significant association between and GDP per capita was found for both men and women. This may explain to some extent why there was a greater gain in and a greater reduction in mortality in countries in Eastern Asia in the study period as compared to South-Eastern Asia, and why China had a smaller gain in than Japan, Hong Kong, and Republic Korea in Eastern Asia. However, such a positive association tended to diminish when GDP per capita went up (because the squared term was significant and its sign was negative). In other words, at some point in the future, greater gains in would be seen in less rich countries. These results are in line with the classic link between economic growth and mortality or life expectancy at birth (also called the Preston curve) (Cutler, Deaton, and Lleras-Muney 2006; Tapia Granados 2012; Preston 1975; Pritchett and Viarengo 2010) . It has been assumed that economic growth could affect life expectancy either directly, through improving material living conditions, or indirectly, through facilitating advances in medical technology, raising educational levels, improving food security and sanitation and infrastructure, developing social welfare systems, and reducing poverty (Janssen, Kunst and Mackenbach 2006) . The diminishing effects of economic growth on improvement of life expectancy and reduction of cause-specific mortality is also possibly because these five countries are relatively economically well off in the region, and because they have reached the third or fourth stage of the health transition and thus mortality is more associated with health-related risk behavior as we also noted earlier (Omran 1998) . Some scholars argue that the high improvement in life expectancy in the Japanese elderly population was likely to be attributable to individual healthy behaviors and lifestyles, such as healthy diets, regular exercise, high community participation, in addition to a good nationwide healthcare system, good family relations and filial piety tradition, medical advancement, and high income (Ikeda et al. 2011; Rogers and Crimmins 2011) .
Our results further revealed that the number of expected years of schooling (human capital environment) was positively associated with life expectancy at age 65 for both sexes, with a stronger effect found in women. Literature has persistently shown that higher education or human capital investment that improve health literacy and other knowledge are equally or even more important than economic growth in determining the overall health or mortality of a society (Muller 2002) . It is possible that the educational improvement in women improves their health awareness more than it does for men and it the standard errors to be robust to each country having a different variance of the disturbances and to each country's observations being correlated with those of other countries through time (see Stata 2011:379-383 ). This approach is one form of multilevel analysis with fixed effects for each country. also enables them to have more resources to invest in their health, as compared to men with less education or none at all (Filmer and Pritchett 1999; Harper, Lynch, and Davey Smith 2011; Pritchett and Viarengo 2010) . A high level of educational attainment in a society may also mean that the government has greatly developed public health projects and social welfare programs that are directly linked with the health improvement of its citizens. (12) 23 (5) 23 (5) 23 (5) 23 (5) 23 (5) 23 (5) 23 ( Note: GDP per capita was in purchasing power parity US$ (*1000) (at constant 2005 price). In cause-specific death regressions, only five countries with available data were included. In the regressions, causes of death were inflated by 1000. Cause-specific death rates referred to the entire elderly population aged 65 or older by sex using age standardized rates as indicated in Section 3.1.
Sources: Life expectancies at age 65 were from United Nations Population Division (2013); urban proportion was from United Nations Population Division (2012); cause-specific death rates were from WHO (2011), indicators of expected years of schooling and GDP per capita were from UNDP (2011).
+ p<0.1; *p<0.05; **p<0.01; ***p<0.001.
There was a positive association between the growth of urbanization and without controlling for GDP per capita and education (not shown). However, urbanization tended to have a negative association with when GDP per capita and the educational level were taken into consideration. Research showed that although urbanization contributes significantly to economic growth, it has also linked with environmental degradation, urban poverty, social inequity, housing shortage, unhealthy lifestyles, crime, and other social problems that are unfavorable to human health and wellness, especially when the urban proportion is below 70% (Stephen 1995; Weiss 2001) . The results in Table 3 further reveal that such a negative effect tends to be reduced once urbanization reaches a certain high level. The negative impact of the urbanization process on health and mortality in the existing literature is inadequately studied. Further research on this topic is clearly warranted.
Overall, gains in during the period 1980 to 2010 in Eastern and South-Eastern Asia were accordance with its socioeconomic development and urbanization process. This is because economic development is a major driving force behind better living standards, better living and working environments, sufficient nutritional intake, and better availability of and accessibility to health care, that are attributable to the reduction in old age mortality (Zhao 2011) . Of course, various other factors such as certain social practices and traditions, income equity, health awareness and knowledge, and risk-preventing behavior have also likely played a certain role in mortality reduction (Zhao 2011) . Studies in other developing countries such as in Latin America suggest that economic growth plays an important role in explaining the variation of mortality, but years of schooling is always a potent driver of change (Palloni and Pinto-Aguirre 2011) .
With regard to the cause-specific models, in most cases of age-standardized cause-specific mortality rates, the socioeconomic factors explained a similar or larger portion of variations as compared to what they did for , which could be either due to small sample size or because of stronger associations between socioeconomic factors and cause-specific mortality rates in these five countries. According to our results, the higher level of GDP per capita was consistently associated with a lower mortality rate from circulatory diseases (stroke and heart diseases). However, the association usually tended to diminish when GDP per capita reaches a certain level, which is similar to the association between economic growth and the overall mortality at old ages ( ) as we noted earlier.
The association between economic growth and mortality from diabetes, cancer, and respiratory diseases (including pneumonia) was either weak or insignificant. There is evidence showing that some type of cancers such as lung cancer, colon cancer, and liver cancer among both males and females, and breast cancer among females did not change much, or even increased, from 1980 to 2000 in Japan (Ysohinaga and Une 2005) . Such an increase is also observed in the U.S. in the 2000s (Manton, Akushevich, and Kravchenko 2009; National Center for Health Statistics 2011) and in some European countries (Levi et al. 2001) , although cancer mortality exhibited a decline in the 1980s and 1990s in these Western societies. Studies have shown that the shift in health behaviors was to some degree responsible for the increase or the stagnation of decline in cancer mortality (Ott et al. 2011) .
There was no clear pattern for the association between cause-specific deaths and education and urbanization in our analyses. More education in a country was associated with lower levels of mortality due to respiratory diseases for both men and women. Yet a higher national level of years of schooling was associated with a higher level of risk of death from diabetes and infectious diseases for both sexes when economic development level and urbanization were taken into account. The positive associations are likely to be because China's educational level is relatively low, and it has a lower mortality from these two causes than the other four countries in which educational level is usually high. Because the explained variation for mortality from diabetes is not very large, we speculate that some important factors are missing. Analyses including behavioral factors are desirable.
Although the growth of urbanization is negatively associated with mortality due to respiratory disease and diabetes, the mortality from heart diseases is likely to increase in the process of urbanization. Literature has indicated that urbanization has altered individuals' behavior associated with deleterious diet habits, less physical activity and tobacco addiction, which leads to an increased risk of heart diseases (Reddy 2002) .
The portion of variance explained in deaths from cancers and diabetes by these three factors was relatively smaller than that of other causes, leaving some room for additional explanations. Recent developments in prospective genetic treatment of some types of cancers would eventually lead to new preventive strategies, targeted screening or effective treatment schemes for cancer, that eventually lower cancer mortality (Sahyoun et al. 2001) . Furthermore, it has been well established that smoking is a major risk factor for certain types of cancers and cardiovascular diseases. For example, Himes (2011) finds that cigarette smoking is the single-most preventable cause of death in the developed world and a major factor in the less developed countries. Christensen and his colleagues (2010) conclude that smoking and alcohol-related deaths accounted for virtually all of the disparity in life expectancy between Denmark and Sweden in 1997-2001 , with smoking playing a larger role. Yet it remains a serious health problem in many Eastern and South-Eastern Asian countries. According to the latest estimates made by the WHO (2009), with exceptions for adult men in Singapore (25%) and Thailand (37%), more than 40% of adult males are smokers in all other countries examined in this study: China (57%), DPR Korea (60%), Republic of Korea (53%), Indonesia (47%), Japan (40%), the Lao PDR (66%), Malaysia (54%), Myanmar (49%), Mongolia (48%), the Republic of Korea (53%), the Philippines (58%), and Viet Nam (49%). In addition, studies from developed countries have shown that male mortality has been much more heavily influenced by smoking than female mortality (Preston, Glei, and Wilmoth 2010) . No wonder some scholars argue that many deaths in Asia are behavior-related and therefore could be prevented with sufficient public and individual efforts (e.g., Zhao 2011:148) . Nevertheless, we argue that the negative contributors of these risk behaviors are much smaller than those positive contributors in the study period, so that the overall trend of old age mortality continues to decline in most countries in the region.
Concluding remarks
The study examined the trends in old age mortality, their age and sex differentials and trends in cause-specific mortality. While mortality transitions in these populations took place in different times, under different political systems and at different levels of socioeconomic development and living environment, changes in age patterns and sex differentials in mortality showed certain regularities. The evidence provided in this study shows that as far as sex differentials in mortality were concerned, there was a notable division between some Asian populations. Our study demonstrated that many Eastern and South-Eastern Asian countries made a significant progress in improving health and lowering mortality among older adults in the past several decades. Their successful experiences not only provide further support to the theories of the demographic and epidemiological transitions, but also offer new lessons and insights that could greatly enrich our knowledge of these changes. Through decomposing changes in life expectancy at age 65 by age, sex and major causes of death for five countries in the region, the study also likely shed light on the relationship between epidemiological transition, changing age patterns of mortality, and improving life expectancy in these populations.
The change in over time in Eastern and South-Eastern Asia suggests that there is still much room for further reductions in old age mortality, even though in some of these populations exhibit the highest levels in the world, which possibly supports the notion of unstoppable increase in human life expectancy in the foreseeable future (Oeppen and Vaupel 2002) . The trends in old age mortality will likely be the driving force in changes of overall life expectancy in this region, although forecasting mortality after age 65 is challenging (Favero and Giacoletti 2011) . Once infectious diseases have been eliminated or brought to a very low level, overall progress in health depends on economic and social progress, public health regimes, and broader cultural changes that modify unhealthy behaviors and lifestyles (Vallin and Meslé 2001; Glei, Meslé, and Vallin 2010) . It has been argued that these factors are powerful enough to create mortality gaps among countries experiencing different political and economic trends (Caselli and Vallin 2006) . It could be important to see when populations from other countries in the region reach the levels of life expectancy of Japan, which countries are in the vanguard of increased life expectancy, and what factors are responsible for progress. Another important issue concerning future trends is mortalities due to cancer and diabetes in China and Republic of Korea. Will these trends toward decreasing life expectancy continue, or will they start to increase their life expectancy as Japan, Hong Kong, and Singapore have done?
It is worth noting that during the epidemiological transition substantial changes in major health risk factors and strategies of risk prevention occur. When mortality is high, improvements of healthcare system are necessary. Yet when old age mortality falls to moderate or low levels, further increase in does not depend merely on the healthcare system; it also depends on a variety of personal features that affect an individual's health behaviors, such as diet, exercise, cigarette smoking, and compliance with medical protocols (Preston and Ho 2009) . Our findings thus have some implications. In some high-mortality countries, expansion of social security, public health campaigns and implementation of other health programs are required in the future; whereas in low mortality countries, investment in sophisticated medical technology and long-term or even lifetime treatment are usually required to further lower mortality caused by cancers, cardiovascular disease, and other degenerative diseases (Zhao 2011) .
Caution is needed, however, when readers interpret the results, due to the several limitations of this study. First, we did not include data before 1980 for any countries or areas because of concerns about data quality and reliability (although with exceptions for Japan and possibly Hong Kong) as well as the constraints imposed by data availability. This design prohibits us from examining the general trend over a relatively longer period, which may likely be more informative. But we believe that the poor data quality could introduce substantial biases, undermine the underlying trajectory, and thus lead to wrong conclusions. Second, we only analyzed causes of death for five countries in the region from 1980 to 2010 because no reliable data from other countries in the two regions would allow us to disentangle the roles played by different causes of death from 1980 to 2010. In spite of this, we still believe that the cause-specific death data in these five countries highlighted some major changes in old ages mortality and their variations in Eastern and South-Eastern Asia countries in recent decades. Nevertheless, we are aware that most of the nations in the region not analyzed are experiencing rapid population aging and urbanization before they become rich, which is dissimilar to developed countries, where population aging and urbanization usually occurred in prosperous economies. Thus, the associations between socioeconomic development factors and causes of death may differ from what we analyzed for these five countries. Rapid globalization may also alter the established associations between socioeconomic development and mortality and causes of death (Harper and Armelagos 2010) . We welcome more research on this theme based on time series data from more countries with a relatively long period. Third, because of possible under-reporting of death and the low proportion of causes of death with medical certification and diagnoses are known to be common issues in many developing countries, the distribution of causes of death for countries under study could have some biases. Furthermore, medical advancements that enable medical professionals to accurately identify primary causes of death, changes in the criteria of classification of causes of death, and changes in proportion of ill-defined causes of deaths over time may introduce some biases in classifying the causes of death, which would affect the data compatibility across periods. Yet such biases are likely to have limited impact on the general trend of changes of the distribution of causes. Fourth, the results of associations between socioeconomic development and old-age mortality presented in the study are rather crude, especially for causes-specific death rates in that we only included five countries with very few data points in time series in the analyses due to unavailability of data. Furthermore, a growing body of evidence has suggested that individual social, behavioral, and genetic factors and their interactions are important associates or determinants of health and mortality (Hernandez and Blazer 2006) , as well as neighborhood environments (Kawachi and Berkman 2003). As more micro-level longitudinal datasets consisting of these factors are becoming available in the region (National Institute on Aging 2011), comprehensive studies integrating these factors under a multilevel framework are clearly warranted. At the country level, we did find data on the prevalence of obesity, the prevalence of smoking, and pension coverage. However, we did not include these data in our statistical analyses because they are only available for the most recent period, and are not available for some countries in the region. Global effort in collecting time series data on risk behaviors at the country or sub-national levels is necessary. Fifth, studies have shown that health conditions among several elderly populations in the region is getting worse, in spite of prolonged longevity (Cheung and Yip 2010; Ofstedal et al. 2007 ). Yet we are unable to examine possible trajectories of health expectancies (Robine and Michel 2004) primarily because of space limitations and lack of nationwide data.
In spite of these limitations, this paper makes a valuable contribution to the existing literature by providing a general overview of the trends of old age mortality in Eastern and South-Eastern Asian countries that we do not know much about. Our findings could be informative for understanding of health transition as well as for policy-formulation on population aging. 
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